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Edge grip is an important metric to characterize the feel and performance of alpine
skis [1-4]. Both bending (EI) and torsional (GJ) stiffness are generally agreed to be
important factors in this feel [1-3]. Studies have attemped to evaluate how these
two stiffnesses affect edge grip using skier feedback from on-slope tests [2-3].
However, tester feedback is highly variable for various reasons (changes in snow
surface, slightly different tracks and speed even when skiing the same slope, etc.)
and the effects of these stiffnesses on a ski’s edge grip have never been evaluated
quantitavely. Therefore, the object of this study is to measure the effect of a ski’s
bending and torsional stiffness on a ski’s edge grip force in a laboratory setting.

Fig. 1: Instrumented sled setup used to measure edge grip force

To do so, the edge grip force generated by skidding on ice perpendicular to a ski’s
longitudinal axis is measured on a skating rink using an instrumented sled and an
electric winch (Rewinch), as shown in figure 1. This test setup was selected because
perpendicular skidding on ice reasonably reproduces the ski vibrations present in
actual use [5], while greatly reducing surface variability compared to actual snow.
The sled consists of weighted frame rigidly connected to the lower part of a ski
boot, to which a ski with a binding can be attached. A skid plate located at the front
of the sled prevents the ski from rotating about its longitudinal axis. The total force
normal to the surface applied to the ski is 667 N. The winch cable is attached to a
load cell at the front of the sled to measure the drag force. A rotary encoder
connected to a wheel at the rear of the sled measures its speed. An Arduino-based
system is used to log the data at 250 Hz. The winch is used to drag the ski along the
ice at a constant speed of 8 km/h over a distance of approximately 21 m. Tests
were carried out on 2 sets of 3 skis with identical geometry and similar mass, but
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differing stiffnesses. The skis used were all-mountain type skis with a length of
176 cm and a 94 mm waist width. The skis in the first set were chosen to vary EI
while keeping GJ constant (skis EI-, EI0, EI+). The second set was chosen to vary GJ
while keeping EI constant (skis GJ-, GJ0, GJ+). The stiffnesses were measured using
the method described in [6]. Each ski was tested 3 times before changing to the
next ski. In order to account for any changes in ice conditions, this sequence was
repeated 2 times, for a total of 6 tests per ski. Because of corrupted data, the total
number of valid tests is lower for certain skis. Table 1 shows the maximum bending
and torsional stiffness, mass, 𝑚𝑚, the mean drag force, 𝐹𝐹� , its standard deviation, 𝜎𝜎,
and the number of valid tests per ski, 𝑛𝑛.
Ski
EIEI0
EI+
GJGJ0
GJ+

Table 1: Ski bending (EI) and torsional (GJ) stiffness and mean edge grip force

𝑬𝑬𝑬𝑬 (Nm²)
240 (-24%)
315
378 (+20%)
329
329
315

𝑮𝑮𝑮𝑮 (Nm²)
250
255
244
145 (-32%)
212
255 (+20%)

m (g)
1629
1669
1764
1469
1554
1669

� (N)
𝑭𝑭
237.3 (-16%)
283.4
259.3 (-8.5%)
218.5 (-19%)
269.0
332.1 (+24%)

𝝈𝝈 (N)
6.6
6.1
5.5
6.5
8.6
15.7

n
6
6
4
4
5
4

One-way ANOVA analysis showed that the mean drag force was significantly
different from one ski to another within sets (𝑝𝑝𝐸𝐸𝐸𝐸 𝑠𝑠𝑠𝑠𝑠𝑠 = 3.72E-8, 𝑝𝑝𝐺𝐺𝐺𝐺 𝑠𝑠𝑠𝑠𝑠𝑠 = 1.46E-7).
The GJ set results also show that edge grip force increases with increasing torsional
stiffness. This agrees with previously published results [3], and could possibly be
explained by the ski twisting less, resulting in a higher overall edge angle, which
correlates with edge grip [7]. Further work is warranted to explore whether the
trends observed in this study extrapolate to other surfaces, such as groomed snow.
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